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1. 在西太平洋表层寡营养海水环境最初 48 小时的培养中，营养盐添加刺激了
细菌生长，获得了较高的细菌比生长速率，同时加速了溶解有机碳的消耗。
相对于仅添加碳源的处理组，在 14 天培养期结束后，营养盐和碳源同时添




为，细菌生长效率(Bacteiral Growth Efficienfy, BGE)高，代表更多的有机碳被
转化为细菌生物量，将有利于储碳。而本研究结果表明，高 BGE 不一定有
利于储碳。BGE 和储碳的关系，取决于细菌在获得高 BGE 过程中，所消耗
有机碳总量的多少。 
2. 为探索海洋中 PE 的现状，本研究在南海三种典型环境中开展了培养实验，
包括陆架海、海盆区和岛礁区。西沙永兴岛海域表层海水培养实验结果显示：
经过 25 天的培养，营养盐和碳源同时添加处理组的总有机碳浓度显著低于
















无显著差异(ANOVA test, p > 0.05)。南海陆架区表层海水培养实验结果显示：
经过 120 天的培养，所有处理组(营养盐和(或)碳源添加)的总有机碳浓度和对
照组相比，均无显著差异(ANOVA test, p > 0.05)。南海海盆区表层海水培养
实验结果显示：经过 120 天的培养，营养盐添加组的总有机碳浓度显著低于
对照组(ANOVA test, p < 0.05)，降低约 3.2 μmol C kg−1，表明此环境中存在
PE。而同时添加碳源和营养盐以及单独添加碳源处理组的总有机碳浓度和对






















Ocean, as an important carbon pool on the earth, has attracted extensive attention 
in the context of global climate change. Scientific research shows that microbes play a 
key role in the process of marine carbon cycling. It is generally considered that 
inorganic nutrients supplement could lead to higher primary production by further 
CO2 fixation which is positive for carbon storage. However excessive nutrients 
supplement could also stimulate the bacterial activity, resulting in the transformation 
of DOC to CO2 by respiration which then returned back to the atmosphere, as 
demonstrated by microbial carbon pump. Carbon fixation is not equal to carbon 
storage. Meanwhile labile organic carbon inputs can increase in-situ recalcitrant 
organic matter decomposition rates in soil and fresh water ecosystem, leading to more 
organic carbon consumption, which is defined in term of priming effect. However few 
study focus on priming effect in the ocean despite its significance on carbon cycling. 
In this thesis, we leverage bioassay experiment to study the impact of adding nutrient 
and carbon source, jointly or individually, on marine microbes and related organic 
carbon consumption. Meanwhile bioassay experiment is also applied to explore 
priming effect within different ocean surface water as well as the mechanisms 
involved in. Major results and conclusions were shown as below:  
1. In the Western Pacific oligotrophic gyre, dissolved organic carbon consumption 
rate and bacterial community specific growth rate were enhanced by inorganic 
nutrients enrichment during the initial 48 hour incubation, regardless of glucose 
enrichment or not. At the end of 14 days incubation, about 33% (average 3.3 
μmol C kg-1) more organic carbon was respired from the glucose enriched 
incubation with addition of inorganic nutrients compared to that without addition 
of inorganic nutrients. These results suggest that repletion of inorganic nutrients 
has negative impacts on carbon preservation, presumably due to elevated 
nutrient-stimulated bacterial metabolism and respiration. It is generally 
acknowledged that high bacterial growth efficiency (BGE) value could be 















indicated by our results. Carbon storage was typically associated with the bulk 
amount of organic carbon consumption, which did not always result in high BGE.  
2. Bioassay experiments are conducted in the surface water of South China Sea 
including reef island, shelf sea and basin area which represent three different 
ocean conditions. At the end of 25 days incubation in reef island surface water , 
total dissolved organic carbon (TOC) concentration in combination of glucose 
and nutrients enrichment treatment was significant lower (average 3.0 μmol C 
kg
−1
) than that of control treatment (Paired-Sample T test, p < 0.05), which 
suggested that priming effect existed in this condition. However TOC 
concentration does not have significant difference between nutrient enrichment 
and carbon enrichments alone treatment and control treatment referring to TOC 
concentration (ANOVA test, p > 0.05). At the end of 120 days incubation in shelf 
sea surface water, TOC concentration has no significant difference between all 
other treatments and control treatment (ANOVA test, p > 0.05). At the end of 120 
days incubation in basin area surface water, TOC concentration in nutrients 
enrichment treatment was significant lower (average 3.2 μmol C kg−1) than that 
of control treatment (Paired-Sample T test, p < 0.05), which suggested that 
priming effect exist in this condition. However TOC concentration has no 
significant difference between other two treatments and control treatment 
(ANOVA test, p > 0.05). Based on these combined results, we suggested that 
marine microbes can regulate ecto-enzymatic activity either to achieve carbon 
source or to achieve restricted nutrient elements under different nutrient and 
carbon source availability, which could be responsible for decomposition of 
recalcitrant organic matter as well as priming effect in ocean surface water.  
 















第 1 章 绪论 
1 




280ppm 上升到现今的 390ppm(Peters et al., 2012)。历史观测结果表明：过去十年
CO2 浓度的增加速率最快(1.99 ppm yr
-1
)(Houghton et al., 2001)，地表温度(平均)
增加也最快(约 0.04 oC yr-1)，全球气候变化的形势非常严峻。大气中 CO2 浓度的
增加，加剧了温室效应，改变了地球气候状态，而且正在影响人类社会的可持续
发展。 
海洋占地球表面积的 71%，平均深度大约 3300 米，拥有巨大体量的海水介
质，能够通过各种方式吸收并存储大气中的 CO2，是地球上极为重要的碳库，发
挥着调节和缓冲气候变化的重要作用。地球上约有 40 万亿吨 CO2(约占地球 93%
的二氧化碳)储存在海洋中，且每年 CO2 循环量高达 900 亿吨(González et al., 
2008)。通过物理、化学、生物等多种过程和机制，海洋每年可以从大气中净吸
收近 22 亿吨碳(Sabine et al., 2004)，约占全球每年 CO2 排放量的 30%，因此海洋
是不折不扣的气候调节者。 







过量 CO2 溶解在海水中，会使海水 pH 降低，造成海洋酸化，改变海水碳酸
盐体系的化学平衡(Gattuso & Buddemeier, 2000; Pörtner et al., 2004)。过去几十年，
海水表层的 pH 出现明显下降，并且按照目前的 CO2 排放量，到本世纪末海水表























导致超级飓风、台风等极端天气频发。研究表明，热带海面温度升高 0.5 °C 的条








中纬度温带海洋的初级生产正在降低(Cushing, 1989; Valdés & Moral, 1998; 
Valdés et al., 2007)。海洋某些区域的物种分布格局也会发生变化，包括深海。研
究表明，浮游动物、浮游植物、鱼类和其他海洋动物正在向高纬度地区转移，如
北大西洋、北冰洋和太平洋西南部(Cheung et al., 2009)。同时，科学家通过大量
数据资料进行模型预测的结果显示，原绿球藻的分布将延伸到更高纬度的海区，




























“碳酸盐泵”(Carbonate Pump)、“生物泵”(Biological Pump)等，实现对大气 CO2
的长期封存(图 1-1)(Chisholm, 2000)。 
 
 
图 1-1 海洋固碳和储碳的主要过程(修改自 Chisholm, 2000)。左侧表示生物过程，
右侧表示物理过程。 
Fig. 1-1 The processes of carbon fixation and storage in the ocean (Modified 
according to Chisholm, 2000). The biological process was shown in the left panel. 
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